Interaction of mitochondrially bound rat brain hexokinase with intramitochondrial compartments of ATP generated by oxidative phosphorylation and creatine kinase.
Previous work led to the conclusion that, during oxidative phosphorylation, mitochondrially bound hexokinase (ATP:D-hexose 6-phosphotransferase, EC 2.7.1.1) from rat brain was dependent on intramitochondrially compartmented ATP as substrate. The present study demonstrated that, when oxidative phosphorylation was functioning concurrently, mitochondrial creatine kinase could also generate intramitochondrial ATP serving as substrate for hexokinase. In the absence of concurrent oxidative phosphorylation, the kinetics of glucose phosphorylation with ATP generated by creatine kinase were not consistent with the supply of ATP from a saturable intramitochondrial compartment as formed during oxidative phosphorylation. Evidence for intramitochondrially compartmented ATP, generated by creatine kinase, was obtained; this was distinct from compartmented ATP generated by oxidative phosphorylation in terms of kinetics of generation of the compartment and its capacity, sensitivity to release by carboxyatractyloside, and sensitivity to disruption by digitonin. That oxidative phosphorylation did induce a dependence on intramitochondrial ATP as a substrate was further indicated by the observation that, although the initial rate of glucose phosphorylation by mitochondrial hexokinase depended on the extramitochondrial concentration of ATP present at the time oxidative phosphorylation was initiated, a final steady state rate of glucose phosphorylation was attained that was independent of extramitochondrial ATP levels. These and previous results emphasize the probable importance of nucleotide compartmentation in regulation of cerebral glycolytic and oxidative metabolism.